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Probes of DM Interactions

* WVe hope to probe dark matter in several ways:
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* This talk will relate this blob to DM production at a
collider as directly and model independently as possible:
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DM

(Focus on direct
detection in this talk.
similar games can

DM be played for indirect)




Direct Detection

DM DM

* Direct detection places limits on .
q q

* Heroic effort with remarkable results.

% DD has some weaknesses.
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Direct Detection

DM DM

* Direct detection places limits on .
q q

* Heroic effort with remarkable results.
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Collider Connections!?

DM experiments and colliders are often said to be
related in | SPeCiﬁC fl‘ameWOI"k (which happens to have a conference
named after ity and certain priors. If theorists work hard...
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A Simple Point

* |n order to get a particular DM-nucleon cross

section, |-\, - , we assume the existence of
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* The same interaction can lead to DM production at
a hadron machine.

q DM
pp — nothing
q DM
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A Simple Point

* Mono-jet searches can place limits on
the plane.
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* These are conservative limits.
In a specific model there may be other ways to
produce DM, e.g. through cascades from heavy

colored states. 4 are sertanly
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A Simple Point

* Mono-jet searches can place limits on
the plane.
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Setting Limits



Operators

* Describe DM interactions as higher DM operators
(possibly mediated by light mediators)

igx 9q ,_ _

D4 = S|, scalar exchange

1 T (qq) (Xx) , g

19x Yq - _

Oy = C]2 _X]\;Q (qwq) (XW“X) : S|, vector exchange
igx 9q ,_ _ -

O3 = q =q) (X H 5x) , oD, axial-vector

Z -\ (@Vu59) (XY 75X) e

?

Oy = 9 X]\ZQ (QV5Q) (XW%X) , SD and mom. dep,,

B psuedo-scalar exchange



Cross Sections

* The direct detection cross section (g ~ 100 MeV):

q q
\/ 2

| 2 2 M My MN
/:\ R W o mNX+ My
* Mono-jet + o1 (g~ 10— 100 GeV ):
2 2 1
X s 9y 9q 17 M < 100 GeV

Y 2
Ol gi gg 2L M 2 100 GeV




CDF:jet + MET

counting experiment: Er > 80GeV
pr(j1) > 80 GeV

Observed: 8449 events pr(j2) < 30 GeV
Expected: 8663+-332 pr(73) < 20 GeV

10°- = —— Data
: ~ SM Prediction
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Limits on A =

M

Vv 9x 91 .

* Operators are simple to implement.
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o M
Limits on A= .

Vv 9x 91 .

* The limits are fairly flat in mass (up to ~200 GeV).

* The limits are fairly independent of the operator

structure. Strong SD constraints.

These limits apply to iDM - Tevatron doesn’t care
about 100 keV splittings.
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SD Limits:

igx 9q

O
3 ¢ — M?2

(@7.759) (XY ¥5X)

Best SD Limits over
a wide mass range.

A dedicated CDF
analysis underway!
(ATLAS and CMS too...)
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10—29 2
10732 3
10—35 £
10738 r
10-41 -

10—44 L

Light Mediators

2
2 92 M

% Lets fix opD "~ gX 9q W

1

and lower M.

* Then UleOésgigg_Q drops as M*

”
——’
—
—
———————_—
—
-
—
—

-
—’—-
-

M=100 GeV
uwya xyux

CDMS ~~==-<——-—-

05 1.0 | “5.0“‘1‘0.0
m, (GeV)

on—sShell mediador

50.0 100.0

Collider lirnt IS /oSt
for /. /:9/72‘ mediat ors .

Direct detection
dis CioVery in conflict

coith LY C searches
= Jdis Covery of /. /:9/72‘
ﬁwexﬂkaﬂoru.”l?



Future Prospects:

The Future started a month ago!
LHC!



LHC Mono-jets

* Both CMS and ATLAS have several mono-jet searches:

ATLAS 7TeV, 1fb~! VeryHighPt

ATLAS 7TeV, 1fb~! VeryHighPt

WIMP mass m, [GeV]

Yu-=hsin’s talk:
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the various LHC mono-jet analyses and how they may be improved!
(in ~30 minutes, after “Dark Matter Beams”, also recommended!)
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Mono-something!

We can probe DM-SM interactions further with
other “mono-somethings”.

Mono-photon at LHC. First CMS study out.
Mono-photon at LEP! For DM-lepton interactions.
Mono-top in MFV (kamenik and Zupan).

In many models DM couples via the Higgs.
Mono-Z (and VBF) may be sensitive to this.

Z° - .

Invisible Higgs searches can
o be interpreted as “direct
' \TX detection” experiments!

X



LEP Mono-photon

* Use spectrum shape to reject background peak.
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LEP and Indirect Searches

* DM couplings to leptons is also probed by Fermi:

Cross section (0 v ) for ¥x = £+ [cm?/s]

Equal coupling to all charged leptons
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WIMP-nucleon cross section oy [cm?]
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RHiggs Mediator

LHC 30fb!
0 10738 ———
z | 90% CL. |
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A characteristic ¥/iqqs ~coupled-DM signal.

: : . / In progress, with
/V/ay UnCver ZAhe /a/enZ/Z‘y o the mediator. Fox. Kopp and Tsai



To Conclude:

Colliders are placing competitive and
complementary bounds to direct detection:

H/C
The Tevatron is the world record holder for light
dark matter and for spin dependent.

Dedicated CDF, CMS,ATLAS mono-jet studies are
underway.

* LEP mono-photons provide strong constraints.

* The LHC can also be competitive in the case of

scattering through the Higgs. May identify the
the Higgs as the mediator.



Extra! Extra!

% Read all about it!



* Shape: e — |
Bt YU Xy X |

----- M=10 GeV
--- M=100 GeV:
—— Contact Op. |

1000 -

100 -

Events/10 GeV

10 -

Jet Py (GeV)

* A dedicated analysis may be more powerful.
* CDF is working on a dedicated analysis!

% So are CMS and ATLAS!

* Mono-photon is also be interesting, complementary.



LEP

Directly constrain DM coupling to electrons.

But, in many models quark and lepton coupling
are related (consider 2 benchmarks).

LEP is a clean environment. Ability to measure
missing mass.

Places non-trivial limits also on indirect searches in
lepton channels (e.g. the Hooperon).



Mono-photon

* Use spectrum shape to reject background peak.
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RHiggs Mediator

LHC ZH,,,(10—-100 fb~!); VBF(10-30 fb™!)
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Direct detection is

parametrically smaller!
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Events / 10 GeV

—
o
©

CDF:jet + MET

counting experiment:

ET > 80 GeV
pr(j1) > 80 GeV
pr(j2) < 30 GeV
pr(j3) < 20 GeV

o
| 1 L1 11

—— Data

—— SM Prediction

CDF Il Preliminary (1.0 fb'1)

il

-y

]

Background (Number of Events
Z ->nu nu 3203 +/- 137
W ->tau nu 2010 +/- 69
W ->mu nu 1570 +/- 54
W ->e¢nu 824 +/- 28
Z->11 87 +/- 3
QCD 708 +/- 146
Gamma plus Jet 209 +/- 41
Non-Collision 52 +/- 52
Total Predicted 8663 +/- 332
Data Observed 8449

Observed: 8449 events

100

150

200 250 300
Leading Jet E;, GeV

350

400

[http ://www-cdf . fnal.gov/physics/exotic/r2a/20070322 .monojet/public/ykk. html]
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Many more..

* Light mediators:

k

Indirect detection:

WIMP-nucleon cross section oy [cm?]

Cross section (0 vy ) for ¥y — £ [cm?/s]
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Collider Connections!?

* DM experiments and colliders are often said to be
related in a specific framework (susy).
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“XENON100 1s starting to probe the MSSM’s pseudopod,
LHC killed the Membrane, but the ectoplasm 1s still safe.” mature 67, 143 2011))



